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Destructive crime scenesAbstract Fingerprints are the most afﬁrmative source of personnel identiﬁcation and are also one
of the most ubiquitous evidences found at the crime scenes. However, successful latent print recov-
ery is not always possible from the crime scenes especially when the prints have been exposed to
destructive conditions. Crime scenes are often despoiled due to destructive conditions such as arson,
explosion, exposure to drainage water and soil or snow burial. Moreover, the offender often intends
to destroy the ﬁngerprint bearing crucial evidence, using these destructive forces. Furthermore, the
ﬁngerprints exposed to despoiled crime scenes are generally neglected due to the misconception of
impossible recovery. In the present study, zinc carbonate, zinc oxide and titanium dioxide based
ﬂuorescent small particle reagents were formulated, compared and evaluated for the development
of latent prints exposed to destructive conditions. Fresh latent prints and prints exposed to natural
or simulated destructive crime scene conditions, namely, arson, explosion, burial in soil, immersion
in drainage water and burial in snow were developed using the three compositions. Latent prints
were successfully recovered even from the destructive crime scene simulations. Better quality prints
were obtained from fresh prints, arson, soil burial and drainage water. Relatively poor results were
obtained from explosion and snow burial conditions. Wet powder based suspensions were found
suitable for development of ﬁngerprints exposed to destructive conditions and the efﬁciency of
the reagents was found in the order: TiO2 > ZnCO3 > ZnO.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Fingerprints have been recognized as the most reliable
evidence for personnel identiﬁcation. Advancements in the
physical, chemical and optical techniques have led to the
emergence of a plethora of ﬁngerprint development methods.1
The choice of development technique is governed by the
composition of the ﬁnger mark residue, surface and theensions,
2 J.K. Dhall, A.K. Kapoorenvironmental condition the mark is exposed to, prior to the
treatment, as demonstrated by the concept of the triangle of
interaction.2 Despite the advancements and techniques avail-
able, the latent print recovery remains a challenging task. This
is because the offender often attempts to destroy the
ﬁngerprint bearing crucial evidences or the print may get
deteriorated due to the destructive environmental conditions.
Various destructive conditions such as arson, explosion,
exposure to drainage water and soil or snow burial are often
found at crime scenes. The ﬁngerprint evidence subjected to
such destructive conditions is generally neglected due to the
misconception of impossible recovery.3
Fingerprints subjected to ﬁre are exposed to extreme
conditions such as high temperatures, soot deposition, electro-
magnetic radiation and subsequent water force. Subsequently,
a suitable soot removal method as well as an effective enhance-
ment technique is essential.4 Likewise, studies have reported
the recovery of latent prints from aquatic environments.5
However, the offender may not always dispose of the evidence
in clean environments. Reports on development of ﬁngerprints
exposed to dirty or drainage water are sparse, even though it is
the most common means of unburdening the incriminating
evidence by the perpetrator.6 Furthermore, the studies dealing
with ﬁngerprint recovery from soil or snow burial are insufﬁ-
cient. Temperature, pH, humidity, micro ﬂora and fauna in
soil and snow conditions may contribute to the rapid
deterioration of ﬁngerprint residue. The chemical, technical
and biological aspects of post blast residue analyses have been
thoroughly investigated.7 However, only a few studies8,9 have
been done on the recoverability of ﬁngerprints after the
explosion effect. Forces like heat, pressure, shock waves,
vacuum, secondary projectile effects and translation effects
may disrupt the ﬁngerprints. Successful recovery of groomed
prints was reported after detonation of vehicle-borne explosive
device.8 Explosion damage to the print has been reported as a
function of mass of explosive charge and of the distance.9
Sebum, comprising the lipophylic organic compositions
such as fatty acids, glycerides, wax esters and cholesterol, is
found in the ﬁngerprint residue. Sebum is secreted from the
sebaceous glands which are not present on the surface of
hands, but the phenomenon takes place due to the natural
touching of other body parts.10 Lipophylic residue is relatively
inert, which makes it an ideal target component for develop-
ment of ﬁngerprints exposed to destructive conditions. Wet
powder suspensions or the small particle reagent (SPR)
method comprises of a metal salt suspension. It is based on
the adhesion between lipophylic components of the ﬁngerprint
residue and the hydrophobic tail of the surfactant, while the
hydrophilic head of the surfactant binds to the metal salt in
distilled water.11 Fluorescent SPR method based on white par-
ticle suspensions is an advantageous modiﬁcation of the tech-
nique. Commonly used white powder suspensions are
generally based on zinc carbonate, zinc oxide and titanium
dioxide. The composition, structure, integrity and coating
thickness of these powders may affect adherence.12 The adhe-
sion between the particles and the ﬁngermark residue is also
considerably inﬂuenced by the size and shape of the powder
particles.13 It is essential to determine the suitability and efﬁ-
ciency of compositions, especially in cases of development of
latent prints exposed to destructive conditions.
In the present study, wet powder suspensions were com-
pared and evaluated for their efﬁciency to develop latent printsPlease cite this article in press as: Dhall JK, Kapoor AK Development of latent prin
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zinc oxide and titanium dioxide based novel ﬂuorescent SPR
formulations containing rose bengal dye were prepared. The
average particle size and shapes of metal powders, adherence
to the residue/intensity of print developed and the sensitivity
of the commercial metal powders were examined. Further-
more, the efﬁciency of reagents was examined for development
of latent prints exposed to destructive crime scene conditions.
2. Materials and methods
2.1. Powder analysis using SEM
The metal powders were examined using scanning electron
microscopy (SEM) examination. The powder particles were
mounted on the stubs with the carbon tape and sputter-
coated with gold in an ion coater (Jeol Ion Sputter Model,
JFC, 1100). The thickness of layer of pure gold coating was
20 nm under vacuum at 7 mA. The particles were examined
under vacuum with a scanning electron microscope
(FE-SEM, RIGMA, ZEISS). The electron images were
recorded and the morphological analysis was done using a
SEM software (SEM Control User Interface, version1.27,
Jeol). The average particle size was determined using ImageJ
software. Particle size measurements were done randomly for
25 particles along the highest longitudinal dimension.
2.2. Fingerprint analysis
2.2.1. Fingermark deposition
Five surfaces, namely, glass, aluminum foil, ceramic tiles, tin
cans and metal spoons were selected for the present study.
These surfaces were chosen since these are true representatives
of commonly encountered substrates at various indoor crime
scenes. The donor group comprised 25 individuals, both males
and females, of varying donor capabilities of the age group
20–55 years. Prior to the deposition of ﬁngermarks, donors
washed their hands and subsequently pursued the normal rou-
tine activities for a period of one hour. Natural ﬁngermarks
were obtained from the donors. Surface selection as well as
the natural ﬁngermark deposition was carried out with an
intention to model the casework scenarios. At one point of
time, each subject deposited one print each on separate glass
slides, aluminum foils, ceramic tiles, metal spoons and tin cans.
A gap of 24 h was given for collection of more than ﬁve prints
from the same individual. From each donor, ten latent prints
were collected for a single surface type for each destructive
condition. Thus, each individual donated 60 latent print
samples resulting in a total of 1500 samples. Post deposition
the prints were divided into two categories. The ﬁrst category
of the prints was not exposed to any major destructive condi-
tion and was kept at room temperature (temperature
25–29 C) for ﬁfteen minutes and were thus regarded as fresh
prints. The second category of prints was subjected to major
destructive conditions for different time periods prior to the
development.
2.2.2. Substrate treatment
Before ﬁngerprints were deposited, the surfaces were cleaned
using detergent and then air dried. Convenient size of each
substrate was prepared. The second category prints were thents exposed to destructive crime scene conditions using wet powder suspensions,
Table 1 List of destructive conditions and their speciﬁc
conditions.
Condition Speciﬁcations
Latent print subjected to
arson simulation
Temperature range varied from 100 C
to 900 C; soot deposition and a
washing with water5
Latent prints buried
under soil
Samples were buried in two diﬀerent
grasslands for time periods ranging
from1 day till prints could be recovered.
Burial was done at the O and A soil
horizon level
Latent prints buried
under snow
Two diﬀerent sites of a hilly terrain were
chosen. Burial was done for time period
ranging from 1 day till the prints could
be recovered
Latent prints immersed
in drainage water
The drainage water was collected in
glass beakers from three drainage sites.
Samples were then immersed in drainage
water for diﬀerent periods (1 h –till the
prints could be recovered) and covered
with aluminum foil at room temperature
Latent prints subjected
to explosion
Composition: potassium nitrate, barium
nitrate, sulfur and aluminum powder.
Net weight of explosive: 8 g
Table 2 Grading scheme for evaluation of developed ﬁnger-
marks given by CAST.
Grade Level of detail
0 No evidence of mark
1 Some evidence of contact but no ridge detail present
2 Less than 1/3 of mark showing clear ridge detail
3 Between 1/3 and 2/3 of mark showing clear ridge detail
4 Over 2/3 clear ridge detail
Table 3 Morphological details of the metal based powders
using SEM Examination.
Metal
powder
Average
particle
size
Shape Morphology of particles
TiO2 205.8 nm Circular Uniformity in size and
shape. Soft agglomerate
formations
ZnCO3 13.57 lm Spherical to
irregular
Porous spherical grains with
extensive variation in shape
and size of particles
ZnO 464.7 nm Characteristic
nanorods
Typical nanorods with soft
agglomerate formations and
clumpings
Development of latent prints using wet powder suspensions 3subjected to the respective destructive conditions. Table 1
provides the list of destructive conditions and their speciﬁc
conditions investigated in the present study.
2.2.3. Development, visualization and evaluation
SPR formulations prepared
I: I: 5 g TiO2 + 0.015 g rose bengal + 75 ml distilled
water + 0.3 ml nonionic surfactant
II: II: 5 g ZnCO3 + 0.015 g rose bengal + 75 ml distilled
water + 0.3 ml nonionic surfactant
III: III: 5 g ZnO + 0.015 g rose bengal + 75 ml distilled
water + 0.3 ml nonionic surfactant
Samples were removed from respective conditions and par-
ticular SPR suspensions were poured. After two minutes, the
surface was washed with a gentle stream of water for 30 s
and then allowed to dry under natural conditions. Fingerprints
were then illuminated with radiation having 505–550 nm wave-
length using PolyrayTM (Roﬁn Inc.). When observed through
orange cut off ﬁlters, the ﬁngerprints exhibited ﬂuorescence.
Photographs were taken with a SLR camera (D3100 Nikon)
in the macro mode. The images were stored in jpeg format
and subsequently evaluated using CAST scheme. Table 2
shows the CAST grading scheme devised by the Centre for
Applied Science and Technology (CAST) and recommended
by the International Fingerprint Research Group (IFRG).14
Kruskal–Wallis test and the Mann–Whitney test were per-
formed for evaluation of the formulations with regard to the
quality of prints obtained.
3. Results
3.1. Evaluation of metal powders
Table 3 presents the scanning electron microscopy results. It
shows that the powders not only vary in the particle size and
morphology but also exhibited differences in the extent of vari-
ation in the size and aggregate formations. The SEM micro-
graphs of the metal powders are displayed in Figs. 1–3.
3.2. Evaluation of developed fingerprints
3.2.1. Development of fingerprints exposed to normal conditions
(fresh latent prints)
All the three formulations were successful in development of
fresh prints. Kruskal–Wallis test results indicated a signiﬁcant
difference in the quality of ﬁngerprints developed using the three
different formulations. At the a= 0.001 level of signiﬁcance,
there exists sufﬁcient evidence to conclude that there is a differ-
ence in the test scores among the three formulations (Table 4).
Furthermore the Mann–Whitney test results showed that the
quality of prints obtained using zinc oxide based ﬂuorescent
SPR formulations was signiﬁcantly lower than the titanium
dioxide group (U= 124.5, p= 0.0007) and the zinc carbonate
group (U= 132.5, p= 0.00035). No signiﬁcant difference was
obtained in the efﬁciency of titanium dioxide based and the zinc
carbonate based formulations (U= 301, p= 0.801). TheKrus-
kal Wallis test results further demonstrated that the mean ranks
were in the order: TiO2 > ZnCO3 > ZnO. Fig. 4 presents some
of the fresh ﬁngerprints developed using the three compositions.Please cite this article in press as: Dhall JK, Kapoor AK Development of latent prin
Egypt J Forensic Sci (2016), http://dx.doi.org/10.1016/j.ejfs.2016.06.0033.2.2. Development of fingerprints exposed to destructive
conditions
This phase of the study was carried out with two primary
objectives, ﬁrstly, for assessment of development of latent
prints exposed to despoiled crime scene conditions, and sec-
ondly, to determine the efﬁciency of the three ﬂuorescent SPR
formulations to develop latent prints subjected to destructivets exposed to destructive crime scene conditions using wet powder suspensions,
Figure 1 SEM micrograph of TiO2 powder (Sigma–Aldrich).
Figure 2 SEM micrograph of the ZnO powder (Sigma–Aldrich) showing the characteristic nanorods.
4 J.K. Dhall, A.K. Kapoorconditions. Natural or simulated destructive crime scene
conditions were created. Figs. 5 and 6 present the quality of
prints obtained, using the three ﬂuorescent SPR compositions,
after exposure to arson, soil burial, snow burial and immersion
in drainage water. It was observed that good quality prints were
obtained even after exposure to destructive conditions. The
trends in all the four graphical representations are same and
indicate that as the extent or duration of exposure increases,
the quality of developed prints decreases, irrespective of the
composition used. It was seen that better quality prints were
obtained on glass, aluminum foil and ceramic tiles (black)
and thus were ‘‘convenient” substrates unlike white ceramic
tiles, tin cans and metal spoons.Please cite this article in press as: Dhall JK, Kapoor AK Development of latent prin
Egypt J Forensic Sci (2016), http://dx.doi.org/10.1016/j.ejfs.2016.06.003For successful recovery of prints from any condition, the
prerequisite was the substrate survival. In the investigation
of prints exposed to arson simulation, sprinkling with water
was used for soot removal. The prints could be developed
maximum till 800 C and above this no substrate survival
was observed. At 800 C, prints were recovered only from
aluminum foil using TiO2 based composition. ZnCO3 based
composition successfully developed good quality prints till
700 C (on glass and black ceramic tiles). ZnO based
compositions were successful in print recovery only till
600 C. In case of burial in soil, prints were successfully
recovered even after 15 days using TiO2 based formulation.
This was, however, true only for the prints on the glass andts exposed to destructive crime scene conditions using wet powder suspensions,
Figure 3 SEM micrograph of the ZnCO3 powder (Sigma–Aldrich) showing the agglomerate formations.
Table 4 Results for the quality of prints obtained using the
three ﬂuorescent SPR formulations.
Formulation N Mean rank Chi square test statistic
Titanium dioxide 25 45.98 20.179***
Zinc carbonate 25 44.74
Zinc oxide 25 23.28
*** p< 0.001.
Development of latent prints using wet powder suspensions 5the aluminum foils. Beyond this time period, prints were not
recoverable irrespective of the substrate and the formulation
used. ZnCO3 comprising SPR was successful in development
of prints after being buried in soil for 14 days. Beyond this
time period, ZnCO3 showed no prints. Zinc oxide based
compositions failed to develop prints exposed to soil burial
for more than 11 days. It was also found that zinc carbonate
based compositions successfully developed prints on the whiteFigure 4 Fresh latent prints developed using the ﬂuorescent SPR for
ﬂuorescent SPR formulation. (b) Fresh latent ﬁngerprint developed
ﬁngerprint developed using ZnO based ﬂuorescent SPR formulation.
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dioxide based formulations could not develop prints on the
white ceramic tiles buried in soil for more than 12 days. In case
of snow burial, the maximum exposure till which prints were
successfully recovered was 6 days. This was true for titanium
dioxide as well as zinc carbonate based compositions. Zinc
oxide formulations successfully developed prints exposed to
the snow burial for a maximum of ﬁve days. It was observed
that better quality prints were developed on the glass sub-
strates buried in snow for six days using zinc carbonate based
compositions rather than those developed using titanium
dioxide formulation. Hence, ﬁngerprints can be successfully
developed even after exposure to drainage water. However
recovery was not possible after immersion of more than
120 h. As evident in most of the other conditions, titanium
dioxide based composition was most efﬁcient for development
of latent prints exposed to drainage water. Satisfactory results
were not attained from the post explosion development ofmulations. (a) Fresh latent ﬁngerprint developed using TiO2 based
using ZnCO3based ﬂuorescent SPR formulation. (c) Fresh latent
ts exposed to destructive crime scene conditions using wet powder suspensions,
Figure 5 Quality of ﬁngerprints developed using the three different formulations after exposure to arson simulation.
Figure 6 (a) Quality of ﬁngerprints developed using the three different formulations after exposure to burial in soil. (b) Quality of
ﬁngerprints developed using the three different formulations after exposure to burial in snow. (c) Quality of ﬁngerprints developed using
the three different formulations after exposure to immersion in drainage water.
6 J.K. Dhall, A.K. Kapoorﬁngerprints. However one partial print was recovered on a tin
can base which was displaced from the original site due to the
displacement effect of explosion/shock wave. No difference
was observed in the quality of the developed prints on the basis
of sampling site for burial in soil and snow or immersion in
drainage water. Figs. 7 and 8 present some of the ﬁngerprints
developed using the three different formulations after exposure
to the different destructive conditions.4. Discussion
Small particle reagent is a popular and an advantageous
physical development method to detect latent ﬁngerprints on
non-porous, wet surfaces.15 The conventional MOS2 based
SPR resulted in gray deposits and thus was limited in applica-
tion. Later studies proposed Fe3O4, TiO2, ZnO, CO3O4, PbOPlease cite this article in press as: Dhall JK, Kapoor AK Development of latent prin
Egypt J Forensic Sci (2016), http://dx.doi.org/10.1016/j.ejfs.2016.06.003and ZnCO3 based SPR formulations. However, these SPR
formulations lack in terms of contrast. Incorporation of
ﬂuorescent dye in white SPR is an advantageous modiﬁcation
in the ﬁeld.16 ZnCO3, ZnO and TiO2 based formulations have
been reported as the most commonly employed ﬂorescent SPR
method.16–20 The study provides a novel formulation
comprising of rose bengal dye. The dye is a tetraiodo
comprising xanthene dye with the absorption maxima at
558 nm.21 The dye was selected due to its safety, easy
availability and cost-effectiveness. Furthermore, its
absorbance and ﬂuorescence intensity are shifted and
enhanced in the presence of nonionic surfactants.22
The SEM studies of these particles have been well investi-
gated for various chemical and industrial applications.23–25
However the characterization of commercial powders used in
ﬁngerprint reagents to determine the efﬁciency has not been
studied sufﬁciently. Same particle size and morphology ofts exposed to destructive crime scene conditions using wet powder suspensions,
Figure 7 Latent ﬁngerprints on various substrates exposed to different destructive conditions developed using the ﬂuorescent SPR
formulations. (a) Latent ﬁngerprint developed on glass exposed to arson simulation at 400 using ZnCO3 based formulation. (b) Latent
ﬁngerprint developed on aluminum foil exposed to arson simulation at 700 using TiO2 based formulation. (c) Latent ﬁngerprint
developed on glass exposed to snow burial for 5 days using ZnO based formulation. (d) Latent ﬁngerprint developed on aluminum foil
exposed to burial in soil for 13 days using TiO2 based formulation.
Development of latent prints using wet powder suspensions 7TiO2 particles have been reported using synthesis with the
hydrothermal method.23 The SEM results of the zinc hydrox-
ide carbonate particles conform to the previous ﬁndings.24 Due
to the semiconductor nature, the zinc oxide nanocrystalline
structure has been extensively analyzed. The characteristic
nanorod structure with hexagonal symmetry has been reported
in ZnO particles.25
The water soluble components of the ﬁngerprint residue are
more prone to destructive forces such as water, high
temperatures and low humidity.26,27 Hence it was considered
that reagents targeting lipophilic components would be more
effective under destructive conditions. The reason for better
quality prints obtained using titanium dioxide based reagent
is apparently the size and the uniform morphology.
Furthermore, the hydrophobicity of titanium dioxide may be
responsible for the better quality prints. In contrast to the
present study, titanium di oxide has been reported as less
favorable choice due to the pre-eminent precipitation in
solution.18 Thus more detailed chemical analysis is required
to opine on the same. Table 5 provides some of the major ﬁnd-
ings of previous studies on ﬁngerprint development exposed to
varied conditions using SPR method.
In the present work, the ﬂuorescent SPR compositions have
yielded positive results under destructive conditions. ReagentsPlease cite this article in press as: Dhall JK, Kapoor AK Development of latent prin
Egypt J Forensic Sci (2016), http://dx.doi.org/10.1016/j.ejfs.2016.06.003such as DFO, physical developer and cyanoacrylate have been
successfully used for the development of latent prints exposed
to high temperatures and ﬁre, however their application
involves soot removal techniques.3,31,32 Moreover water force
application is inevitable in arson cases and these reagents
may not be suitable in such cases. SPR would be more suitable
than any of the methods for arson cases subjected to
subsequent water force because of its excellent working on
water exposed substrates. Similarly in cases of explosion,
though the exposure period is only few microseconds, factors
such as heat, pressure, shock waves, chemical alterations and
friction (fragmentation and translation) are highly disruptive
in nature. Shock wave, fragmentation, translation and heat
effects were evident in the present study. It was seen that if
the substrate comes in contact with the shock wave (as evident
from the bends and cuts), it got disoriented and ﬁngerprint
recovery was not possible. Nevertheless, a print was success-
fully recovered on the tin can. The tin can was translated from
the original position. In actual scenarios, the IED’s are
generally implanted in a container. Thus the recovery of trans-
lated fragments of the containers of IED’s may prove highly
beneﬁcial for investigations. Burial under soil/snow is one of
the most conventional means employed by perpetrators to hide
the evidence. In spite of this fact, no reagent has beents exposed to destructive crime scene conditions using wet powder suspensions,
Figure 8 Latent ﬁngerprints on various substrates exposed to
different destructive conditions developed using the ﬂuorescent
SPR formulations. (a) Latent ﬁngerprint developed on ceramic tile
(white) exposed to immersion in drainage water for 108 h using
ZnCO3 based formulation. (b) Latent ﬁngerprint developed on tin
can exposed to pyrotechnic explosion using TiO2 based
formulation.
Table 5 Findings of previous studies on ﬁngerprint develop-
ment exposed to varied conditions using SPR method.
SPR formulation Condition Outcome
Titanium di oxide
+ tergitol + water
Latent prints on
plastic bottle exposed
to dust and water
SPR pointed out
the dermal
tracks19
ZnCO3 + commercial
liquid detergent
+ water + eosin Y
Latent prints on
smooth surfaces
exposed to high
temperatures of
200 C and water
Successful
development of
latent prints28
Titanium di oxide
+ detergent + water
Faded blood
ﬁngerprints
developed with acid
dyes
Excellent
Subsequent
enhancement
technique29
Black powder based
SPR
Development of
latent prints on
compact disks with
subsequent data
recovery
Successful
development and
subsequent data
recovery30
8 J.K. Dhall, A.K. Kapooroptimized for development of such samples. Fluorescent SPR
compositions provided proliﬁc results on the substrates buried
in soil. SPR is considered the most suitable method for devel-
opment of latent prints exposed to water.18 In spite of this fact,Please cite this article in press as: Dhall JK, Kapoor AK Development of latent prin
Egypt J Forensic Sci (2016), http://dx.doi.org/10.1016/j.ejfs.2016.06.003the snow burial affected the development more than the soil
burial. Low temperature cannot be the cause since the develop-
ment rate is more when prints are exposed to water at lower
temperatures.5 The ﬁnding is in concordance with the sugges-
tion that the dew and snow adversely affect the longevity of
prints due to the slow dilution of residue.27 Various SPR for-
mulations have been standardized and optimized for develop-
ing latent prints immersed in water.5 Development of latent
prints exposed to different soaking solutions (NaOH, acetic
acid, NaCl and tap water) has also been carried out.15 How-
ever research on development of latent prints exposed to drai-
nage water is insufﬁcient. The present study observed
encouraging results on substrates exposed to drainage water.
The ﬁndings are in concordance with a previous study in which
SPR reagent was successful in development of ﬁngerprints
exposed to dirty water for ﬁve days.6
The results of the present study were encouraging for con-
ditions such as drainage water exposure, exposure to arson,
and burial in soil. Whereas results from substrates exposed
to explosion and snow were not found satisfactory. Possibly
the forces such as high temperature, water, humidity, electro-
magnetic radiations, microﬂora, microfauna, and the chemical
alterations do not deteriorate the lipophylic components of the
residue as much as the slow dilution and the microenvironment
(in snow) and high pressure, friction and chemical degradation
(in explosion). The study of physico-chemical changes in the
ﬁngerprint residue under these varied conditions using analyt-
ical techniques can provide more information and thus can aid
in optimizing regents for different conditions.
5. Conclusion
The study concludes that latent ﬁngerprints exposed to
destructive crime scene conditions should not be neglected.
Fluorescent SPR compositions based on titanium dioxide or
zinc carbonate are suitable reagents for the development of ﬁn-
ger marks exposed to destructive crime scene conditions. How-
ever zinc oxide based SPR formulation did not provide proliﬁc
results. The study suggests residue analysis of ﬁngerprint com-
positions after exposure to various destructive conditions for
future studies. This can further yield information regarding
the suitability of reagents for each condition.
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